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Life-Cycle Costing (LCC) is an essential selection criterion in making economical
engineering decisions about alternative roufes in design or investments. A discussion of
Life-Cycle Costing (LCCJ concepts is presented, along with a selected calculation proce-
dure. A computer program (LCOMP) was written in FORTRAN to perform that calcula-
tion procedure. The program details are discussed, a sample calculation is presented, and a

listing of the program is included.

l. Introduction

Engineers have been using various economic criteria in
making decisions between alternate designs or investments.
Life-Cycle Costing (LCC) is one such method of economic
evaluation which takes into account all relevant costs of any
system, or subsystem, over a specified period of time. The
LCC procedure makes adjustments for differences in the tim-
ing of these costs, taking into account future fuel and non-fuel
cost escalation rates and discount effects which reflect the
“time value of money.”

Since LCC determines the effective cost of a system over a
given lifetime, it is used by engineers to choose between
alternate facility modifications and upgrades. Subsequently,
the economic feasibility of proposed facility modifications can
be determined and acceptable modifications can be prioritized.
Although this procedure is especially useful when performing
cost-saving energy consumption reduction modifications, it
can be applied to other decision-making processes involving
alternate configurations or designs not related to energy con-
sumption reduction.
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Several LCC methodologies appear in the literature (Refs.
1-5). These methodologies were reviewed and evaluated with
the following criteria in mind:

(1) The methodology should fit within the guidelines of
TDA Standard Practice for LCC, as described in Refs. 6
and 7.

(2) It should be readily adaptable for use on a computer.

(3) It should be capable of analyzing energy-related and
non-energy related projects, new construction projects,
and retrofit projects.

(4) The resulting computer program should be easy to use
and operate efficiently on a digital computer.

The intended result of satisfying these criteria was to
develop an inexpensive, general engineering tool for system
economiic evaluation.

The LCC methodology chosen for computerization is the
DOE-NBS methodology for the Federal Energy Management




Program (FEMP), as described in Ref. 1. This methodology
deals with LCC procedures applied to federal facilities energy
management and evaluation, taking varying energy costs into
account.

ll. LCC Concepts and Methodology

The selected DOE LCC methodology performs accounting
in constant dollars (money always referred to in terms of its
value in a chosen baseyear) and discounts future amounts to
present value baseyear amounts. In this fashion, the rate of
inflation is eliminated from the computations since energy
price escalation rates relative to inflation are included in the
discounting procedure. Thus, LCC incorporates initial invest-
ment costs, future replacement costs, operation and mainte-
nance costs, and salvage and resale values, adjusting them to a
consistent time basis and combining them into a single cost-
effectiveness measure that facilitates comparison of alternate
projects.

The changing value of money over time is controlled by
two effects, inflation and “opportunity costs.” Future prices
which change at the same rate as general price inflation remain
unchanged in terms of “constant dollars.” Future prices which
increase at a rate different than that of inflation must be
expressed in terms which reflect that difference. Future energy
prices are calculated using prescribed escalation rates. Tables
of energy escalation rates as projected by DOE are provided in
Tables 1 through 3. The “opportunity cost of money” reflects
the fact that money in hand can be invested to yield a return
above the rate of inflation. The “discount rate” is a rate of
interest corresponding to the opportunity cost. On June 30,
1980, the Energy Security Act was enacted to establish a
discount rate of 7% per year. This rate applies to projects
which fall under auspices of the FEMP, but is also an accept-
able rate for general use.

The common time basis used for this methodology is the
present, whereby all cash amounts are converted to an equiva-
lent present value. If the amount is an annually recurring
amount (4) which remains the same in terms of constant
dollars, its present value (P) for a period of & years may be
expressed by the uniform present worth (UPW) formula:

A 1
=L (] - —— 1
? d(aww) @

where d is the discount rate. Operation and maintenance
(O&M) costs fall into this category. The present value of
non-annually recurring costs (F) are calculated by the single
present worth (SPW) formula:
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Replacement costs and salvage values are examples of non-
annually recurring costs. The present value of annually recur-
ring costs which escalate or de-escalate in relation to inflation
may be expressed by the modxfled uniform worth (UPW¥)
formula:
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where
n, = length of escalation period &
e, = escalation rate during period &
A, = annually recurring escalating amount, evaluated at

the beginning of the study period.

Equation (3) is usually applied to energy costs. The computer
program which embodies this methodology (LCOMP) has the
escalation rates contained internally,

The formula for life-cycle cost becomes:

Total Life-Cycle Cost (TLCC) = Investment Cost - Sal-
vage Value + Replacement Costs + Energy Costs

)

where all costs are expressed in present values. TLCC is used
for comparison of new designs or comparison of alternatives
for a certain system.

Other results of the LCC analysis are the following:

(1) Net Life-Cycle Savings (NS) is a comparative quantity
which indicates the difference between the TLCC of
two candidate system designs.
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(2) Savings-to-Investment Ratio (SIR) is the ratio of the
savings in total system operating costs to the invest-
ment cost required to install or construct the more
efficient system.

SIR = (reduction in energy cost - increase in Q&M
costs) + (increase in initial investment costs -
increase in salvage value + increase in replace-
ment costs).

()

SIR is meaningful, for instance, when comparing retro-
fit projects to existing facilities. Several alternative
retrofit systems can be assigned priorities based on SIR.
In general, an SIR value greater than 1.0 indicates cost
effectiveness and greater values indicate greater cost
effectiveness.

(3) Payback Period (PB) is the amount of time it takes for
the cumulative savings to equal the initial investment
costs. There are two versions of the payback period.
The “discounted payback™ (DPB) is calculated taking
the time value of money into account, and the “simple
payback” (SPB) uses costs which do not take this into
account. The general payback formula is:

N
(Reduction in Energy Costsj - Differential O&M
j=1 Costs, - Differential Replacement Costs/-)= Diff-
erential Initial Investment Costs

(6)

where NV = the years to payback, such that the above relation
is true.

For DPB the costs are yearly amounts in constant dollars
converted to present values; for SPB the costs are baseyear
amounts and are not discounted. Ordinarily, a shorter PB is
desirable. However, PB is not always a useful measure of cost
effectiveness since the project with a longer PB can have a
greater NS and SIR and actually be more cost effective. PB is
generally considered to be a less accurate measure of relative
cost effectiveness than the other LCC results, but it is some-
times a necessary indicator that a system fits within certain
requirements.

lil. LCC Applications

The four main selection criteria or corollaries of the LCC
analysis, namely TLCC, NS, SIR, and PB, will have varying
levels of importance based upon the application of the LCC
analysis. In general, a project is comparatively cost effective if:
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(1) The TLCC of the proposed project is less than that of
the alternatives.

(2) The NS from the project is greater than zero.
(3) The SIR is greater than 1.0.

(4) The payback period is shorter than the project’s
expected life,

For choosing among alternative designs, the TLCC is gener-
ally the best indicator. For designing and sizing projects the
choice should be that which minimizes the TLCC and maxi-
mizes the NS. For ranking retrofit projects to give priority to
the most cost-effective projects, the SIR is the most useful
result.

IV. Computer Program (LCOMP) Description

The LCC methodology described above was used in the
program LCOMP (Life-Cycle Costing Computer Program).
The calculation procedure is similar to that in the NBS-DOE
manual, Ref. 1, where an LCC computer program is also pre-
sented. LCOMP differs from this program in several ways:

(1) LCOMP has built-in energy escalation rate tables and
energy base-price tables, freeing the user from looking
up and inputting these values.

(2) LCOMP uses a NAMELIST input instead of an inter-
active input which allows storage, modification, and
reuse of input files.

(3) LCOMP uses the year-by-year method of calculating
present value energy costs, which is necessary if the
quantity or type of energy is expected to change over
the project study period and if cash flow tables are
presented as output.

(4) LCOMP is written in FORTRAN instead of BASIC.

LCOMP calculates and prints out (1) present values (in
baseyear dollars) of total cost of each energy type used,
(2) total of all energy costs, (3) total annually recurring O&M
costs, (4) total replacement costs, (5) total salvage values, and
(6) the system total life cycle cost. In addition, if two systems
are being compared, the NS, SIR, and PB are printed, along
with a year-by-year cash flow summary.

LCOMP was written in FORTRAN V and currently is being
run on the UNIVAC 1100/81 computer system. A block
diagram of the program logic is presented in Appendix A and a
source listing is presented in Appendix B.

The program input consists of two segments. The first
segment is the NAMELIST “$LCCIN,” which contains most of




the case-dependent data. The second segment is the Blockdata
subprogram “BLKDAT,” which contains energy cost escala-
tion data and baseyear energy prices. These inputs are
explained in detail in Appendix C.

An important aspect of operating LCOMP is that the energy
price and escalation rate tables are based on a particular
baseyear’s currency (the tables now in Blockdata are in 1980
dollars). This means that the analysis will be done in the
baseyear currency, even if the project begins at some future
year. If cost inputs cannot be estimated in baseyear dollars, a
discrepancy of one or two years may not cause significant
errors, especially if a comparison between two systems is the
important objective of the LCC analysis. However, if more
than a few years difference exists between currency baseyears,
an attempt should be made to update the baseyear tables.

The DOE methodology makes use of an additional “social
benefit adjustment factor,” which is intended to reflect the
value to the nation of conserving non-renewable energy
sources. The presently recommended procedure is to reduce
the investment costs of a new or retrofit system by 10% to
take this social factor into account. However, this adjustment
is not performed in the LCOMP program. Its use is left to the
discretion of the user, and it must be performed on the input
data if desired.

V. A Sample Problem

A four-page printed output for a sample problem is pre-
sented in Appendix D to illustrate the LCOMP output format.
Figure D-1 consists of the project description and non-fuel
costs, and Fig. D-2 shows a summary of annual fuel consump-
tion. Figure D-3 is LCOMP printout of a cash flow analysis
which shows year-by-year costs discounted to present value
1980 dollars. The line for year O reflects the investment cost
for each system, where the investment cost for System 2 in
this case is the current salvage value. The final column, *“Sys-
tem 1 vs. System 2 Cumulative Savings,” represents the cumu-
lative cost of System 2 minus the cumulative cost of System 1.
Thus, in this example, the cumulative cost of the existing
system exceeds the cumulative cost of the retrofit system in
year 7, and the savings then becomes positive. This quantity
represents a discounted payback period with energy price
escalation included.

Figure D-4 shows analysis results. Total costs for the study
period are itemized and their sum represents the system life-

cycle cost. The net savings is the difference between the
life-cycle costs. Note that net savings agrees with the final
value in the cumulative savings column in Fig. D-3. The
savings-to-investment ratio is in terms of present values. The
simple payback analysis is based on a non-discounted cumula-
tive savings compared to increased investment cost. The dis-
counted payback is usually preferred over the simple payback
method, but this choice depends on the mode of analysis.

VI. Use of LCOMP Within TDA Guidelines

The TDA methodology deals with issues concerning when
to perform an LCC analysis, what applicability the analysis
has, when it is actually required, LCC team roles, how to
perform the different classes of cost estimates, and what type
of cost adjustment procedure is to be used. It is only the last
concern which affects LCC calculation details. The basic TDA
formulations of the LCC equations for TLCC, NS, SIR, DPB
are analogous to those of the DOE procedure.

The cost adjustment procedure is prescribed according to
the application of the LCC analysis as abstracted from Ref. 7:

LCC analysis application Procedure

Design selection No adjustment. Sponsor may
require sensitivity analysis

using net-discounting
Capability planning No adjustment

Functional requirement negotiation = No adjustment

Inflate. Sponsor may require
sensitivity analysis using no
adjustment

Budget planning

The “no adjustment” procedure is an LCC analysis done in
constant dollars with no inflation or discounting adjustments
included. The “net discounting” procedure attempts to take
inflation and discounting into account in one parameter by
assuming that the discount rate tends to exceed the inflation
rate by 2% (Ref. 5). Both of these cost adjustment procedures
may be handled directly by the program LCOMP. The no
adjustment procedure would be computed using a discount
rate of zero and the net discounting procedure would use a
discount rate of 2%.

The inflation procedure, used in making budget projections,
gives the expected expenditure in dollars that will be required
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in the year in which the activity will occur. Again, LCOMP can
be used to perform an LCC analysis with zero discount, but
the cash flow quantities will have to be inflated in a separate
calculation.

The TDA procedure calls for the application of a manage-
ment contingency factor and a composite burden factor which
are chosen by the analysis coordinator. These factors may be
applied to costs before inputting data to LCOMP.

VIl. Summary

LCOMP is an easy-to-use computer program written by the
Advanced Technology and Conservation Engineering Group,
DSN Engineering Section, which calculates Life-Cycle Cost on
a discounted present value approach. Although it follows
DOE-defined methodology, LCOMP is applicable to any LCC
problem for alternate systems comparison whether or not
it is dealing with energy conversion/conservation.
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Table 1. Energy price escalation rates mid-1980 to mid-1985° (percentage change compounded annually)

DOE region
u.s.

Fuel type 1 2 3 4 5 6 7 8 9 10 average
Residential sector

Electricity -0.02 -0.02 -0.02 -0.02 -0.01 -0.02 -0.02 -0.02 -0.01 -0.02 -0.02

Natural gas 1.78 1.78 1.77 1.75 1.75 1.76 1.75 1.76 1.77 1.78 1.76

Distillate 3.38 3.39 3.38 3.39 3.37 3.38 3.38 3.39 3.37 3.37 3.38
Commercial sector

Electricity -0.01 -0.02 -0.01 -0.01 -0.02 -0.01 -0.01 -0.02 -0.01 -0.02 -0.02

Natural gas 1.77 1.76 1.75 1.73 1.74 1.74 1.73 1.75 1.76 1.76 1.75

Distillate 3.38 3.39 3.38 3.38 3.39 3.38 3.40 3.38 3.38 3.38 3.39

Residual 7.53 7.52 7.52 7.53 7.55 7.52 7.55 7.51 7.50 7.57 7.53
Industrial sector

Electricity -0.01 -0.03 -0.01 -0.02 -0.01 -0.02 -0.02 -0.01 -0.01 -0.05 -0.03

Natural gas 1.80 1.76 1.78 1.76 1.77 1.79 1.74 1.80 1.79 1.79 1.75

Distillate 3.39 3.40 3.39 3.39 3.39 3.38 3.40 3.37 3.38 3.38 3.38

Residual 7.54 7.53 7.53 7.53 7.54 7.53 7.54 7.53 7.51 7.55 7.53

Coal 9.62 9.51 9.63 9.58 9.49 9.62 9.50 9.30 9.56 9.56 9.55

4perived from DOE 1980 and 1985 price forecasts (Ref. 1).
Table 2. Energy price escalation rates mid-1985 to mid-1990? (percentage change compounded annually)
DOE region

Fuel type 1 2 3 4 5 6 7 8 9 10 U.S.

uel yp average
Residential sector

Electricity -0.02 -0.61 0.87 1.72 1.04 1.53 -0.59 -2.73 0.47 3.85 0.85

Natural gas 3.33 2.74 3.15 2.38 2.84 4.53 3.43 3.95 1.44 3.86 2.92

Distillate 2.81 2.80 2.74 2.71 2.91 2.83 2.94 2.82 2.97 2.97 2.85
Commercial sector

Electricity -0.19 -0.64 0.89 1.67 1.07 1.62 -0.63 -2.96 043 3.97 0.73

Natural gas 3.88 3.20 3.60 2.82 3.15 5.26 3.85 4.22 1.66 4,50 3.49

Distillate 2.91 2.88 2.89 2.88 2.99 2.93 3.01 2.91 3.09 3.09 2.94

Residual 2.66 2.68 2.52 2.71 2.70 2.71 2.69 2.67 2.84 2.92 2.61
Industrial sector

Electricity -0.23 -0.98 1.19 2.20 1.47 2,03 -0.78 -4.05 0.55 7.89 1.32

Natural gas 3.81 4.46 8.89 8.82 6.98 5.88 11.74 495 3.26 6.20 6.64

Distillate 3.47 2.88 2.85 2.85 2.99 2.94 3.02 2.90 3.09 3.09 2.93

Residual 3.53 2.60 2.58 2.73 2.71 2.71 2.70 2.69 2.87 2.86 2.68

Coal 1.47 1.65 1.97 1.69 1.67 1.45 1.76 0.00 1.36 2.39 1.66

ADerived from DOE mid-term energy price forecasts (Ref, 1).
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Table 3. Energy price escalation rates mid-1990 to mid-1995 and beyond® (percentage change compounded annually)

DOE region
u.s.

Fuel type 1 2 3 4 5 6 7 8 9 10 average
Residential sector

Electricity -3.55 -0.42 -0.36 0.48 -0.13 -0.26 -0.02 -2.47 -2.35 1.10 -0.57

Natural gas 1.92 1.68 1.56 1.01 0.97 2.33 1.23 2.36 0.26 -3.09 1.24

Distillate 3.97 3.95 3.89 3.86 4.10 4.00 4.13 4.06 4.13 4.13 4.01
Commercial sector

Electricity -3.60 -0.44 -0.37 0.48 -0.14 -0.28 -0.03 -2.70 -2.21 1.13 -0.59

Natural gas 2.16 1.93 1.80 1.18 1.11 2.67 1.38 249 0.29 -3.58 1.39

Distillate 4.08 4.09 4.07 4.06 4.20 4.12 4.22 4.18 4.27 4.27 4.09

Residual 4.47 4.41 4.26 4.50 4.56 4.56 4.54 4.60 4.68 4.82 4.43
Industrial sector

Electricity -4.45 -0.68 -0.50 0.63 -0.19 -0.34 -0.03 -3.91 -2.78 1.97 -0.43

Natural gas 4.72 4.60 -0.95 341 3.92 2.89 9.60 2.84 0.93 3.99 3.35

Distillate 4.08 4.10 4.02 4.02 4.20 4.13 4.22 4.16 4.27 4.27 4,12

Residual 4.43 435 4.28 4.52 4.58 4.57 4.53 4.64 4.68 4.71 4,55

Coal -3.47 1.00 1.12 0.79 0.98 0.60 0.77 0.62 0.94 -2.87 0.61

3Derived from DOE mid-term energy price forecasts and assumed to extend up to 10 years beyond mid-1995 to encompass a study period of
25 years beginning in 1980 (Ref, 1).
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Appendix A
Block Diagram for LCOMP

READ INPUT DATA

DETERMINE BASEYEAR
ENERGY PRICES

y

DETERMINE ANNUAL ENERGY COST
FOR EACH YEAR IN PRESENT VALUE §

i}

DETERMINE TOTAL ENERGY COST
FOR EACH FUEL TYPE IN PRESENT
VALUE $ FOR ENTIRE STUDY PERIOD

]

DETERMINE ANNUAL NET OF NON-RECURRING O&M,
REPLACEMENT, AND SALVAGE COSTS IN PRESENT
VALUE $ FOR EACH YEAR AND TOTAL STUDY PERIOD

¥

DETERMINE PRESENT VALUE OF
ANNUALLY RECURRING Q&M
COST FOR TOTAL STUDY PERIOD

¥

CALCULATE TOTAL LIFE CYCLE COST:
TLCC = ENERGY COST + INVESTMENT COST + Q&M COST -
+ REPLACEMENT COST - SALVAGE VALUES

K]
IS ONLY ONE SYSTEM YES | PRINT
BEING CONSIDERED ? RESULTS
Koy i
‘<-——N°———i HAS SECOND SYSTEM BEEN ANALYZED? ] sTOP
YES §

CALCULATE* SAVINGS-TO-INVESTMENT RATIO:

SIR = (AENERGY COST + A ANNUALLY RECURRING O&M COST +
ANON-ANNUALLY RECURRING Q&M COST) + (ASALVAGE VALUES
- AINITIAL INVESTMENT COST - AREPLACEMENT COSTS)

¥

CALCULATE
NET SAVINGS:
NS = ALCC

{

CALCULATE SIMPLE PAYBACK PERIOD:
FIND y SUCH THAT ASAVINGS > AINITIAL COST

PRINT RESULTS

CALCULATE CUMULATIVE NET COSTS IN
PRESENT VALUE $ FOR EACH YEAR

¥

: rPRINT CASH FLOW SUMMARYW

* A MEANS THE DIFFERENTIAL
COST BETWEEN SYSTEM 1

AND SYSTEM 2
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Appendix B
LCOMP Listing

COMPILER (DATA=TRM)
DIMENSION P(40,%,3),6(40,5,3,3),BAGEP (5),TOTCST(S,2),B(30,2)
INTEGER YRi,YR2

DIMENSION UNIT(S,3) ,ETYPEC40,3),5Y81¢4),8Y82(4)

DIMENSION SECT(3),FUEL(30,2),0THCST (30,2)

DATA ETYPEC(L,4)//ELECTR’, ICITY/,  NATURA’, ‘L GAS’, DISTIL’, LATE’,
‘LIQUIDY ,* GAS‘, 2% BLANK’ , 'ELECTR,’ICITY’, NATURA‘, ‘L GAS’,
‘DISTIL, LATE’, ‘RESIDU’ ,7AL’, 2%/ BLANK /, ELECTR’, ‘ICITY,
‘NATURA’ , ‘L GAS’, DISTIL’, LATE’ 'LIGQUID’,’ GAS’,’COAL’/

DATA UNIT(4,4)/ KWH’, CU.FT., GAL’, ‘GAL’, BLANK’,

‘KWH’ , CU.FT. 7, GAL’, " GAL’, “BLANK
'KWHY ,/CULFT. 7, "GAL’ , " GAL’ , ' TON’ /

REAL NREC,NRECT,INVCST,L.CC,NS

INTEGER YRREC ,YRREP

DIMENSION TOTAL(2),LECCC2) ,NRECT(2) , TITLE(12) ,NNREC (2)

DIMENSION CONS(S,2),YRCHG(20,%,2),0¢20,5,2) ,R(2)

DIMENSION NREC(10,2),YRREC(40,2) , YRREP(40,2) ,FINSVG (2)

DIMENSION INVCST(3,2),RRCET(10,2),RPSVG(40,2) ,NREP (2)

DATA TITLE(4)/12%6H /

DATA GYS1(L)/4%K6H /,8YS8(1)/4%6H /

DATA BECT(L)//RESID ./, COMMER,  INDUST/

P 18 SINGLE PRESENT WORTH FACTOR
DEFINE FNP(D,IY)=48 /(4. +D)XXKIY

W I8 UNIFORM PRESENT WORTH FACTOR
DEFINE UPW(D,IY)=(4.~4 . /Ci. +D)YKKIY)/D

NAMEL.IST/LCCIN/IYEAR ,NSTUDY ,CONS, YRCHG, G, TEXIST, ISECT,
IREG, INVCST,R ,NNREC , NREC , YRREG , RPCST, YRREP , RPSVG , NREP ,
FINSUG,DISC, TITLE,8YS1,8YS2, I RASE

L,J,K,1.) I6 ESCALATION RATE, I=DOE REGION,JT=FUEL TYPE,
K=ECONOMIC SECTOR,L=ESCALATION PERIOD
I8 1980 FUEL PRICE ARRAY

COMMON/RLKDAT/G, P

DISC=40.
ICASE=4

ICm4

READ(%,LECIND

XDISC=DISE

DISC=DISC/L00.

WRITE(&H,100) CTITLECI),I=4,12),IYEAR,NSTUDY,ISECT,SECT(ISECT) , IREG
» XDISC

IF (IC.EQ.1) WRITECH,403) IC,BYS1,INVCST(1,I0),R(IC)

IF (IC.EQ.2) WRITE(6,103) IC,S8YS2,INVEST(L,I0) ,ROIC)

FORMAT(///49%, X¥kkX LIFE CYCLE COST ANALYSIS XKXXK’,//4246//
BOC K7D/, T30, XKk INPUT VALUES %kxx’,//,

2X,’% PROJECT DESCRIPTION %‘//8X, BASE YEAR=/,15/8X,’STUDY /,
‘PERTIOD=’ , I3, YEARS‘/BX, FINANCIAL BECTOR=’,12,2X,A6/8X%,
‘DOE REGION NO.=’,12/,8X,’DISCOUNT RATE=’,F4.4,’ PERCENT/,




107
i08
ioy
140
ii4
iie

4 //,2X%, % NON-FUEL CHOSTS IN BASE YEAR & X’)
103 FORMATC(/SX/SYBTEM 7,14, (/,446,7):7//,
4 BX/INITIAL INVESTMENT COS8T=’,T60,F9.0/8X ANNUALLY RECURRING

& ‘0&M COST=’,THO,F9.0)
IF (NNRECCIC) .ER.0) GO TO 4
N=NNREC(1C)
WRITE(S,404) (YRREC(I,IC),NREC(E,TC),I=1,N)
104  FORMAT(8X’NON-ANNUALLY~RECURRING OAM COSTS IN YEAR’,
1 13,7 = ,T60,F%.0)
L IF (NREPCIC).EQ.0) GO TO &
N=NREP (1()
WRITE(H,402) (YRREPCI,IC) ,RPCET(I,IC) ,RPSVG(T,TIC) ,I=1,N)
6 IC=IC+
IF (IEXIST.EQ.L.AND.IC.EQ.2) GO TD 7
WRITE (6,404)

DETERMINE NO. YEARS DIFFERENCE BETWEEN START (OF STUDY AND RABE
ENERGY PRICE TARLES

coao

IDEL YR=1YEAR~THASE
DO 2 F=1,%

2 BASEP (J)=P (IREG, Y, ISECT)
IF (IDELYR.EQ.0) GO TD 4
IPER=1

C UPDATE BASE ENERGY PRICES TO COINCIDE WITH START OF 8TUDY

DO 3 I=i,IDELYR
IF (1.G67.%) IPER=®
IF (1.GT.40) IPER=3
D0 3 J=1,%
3 BOSEP (J)=RBASEP (NIK(G(IREG, T, ISECT, IPER) /400 . +1 )
4 WRITE(6,105) ICASE
PO 20 J=i,%
ESC=RASER (J)
JO=THR=1
Ti=Jo+4
YR 44,
YR2=YRCGHG (4 , T, ICASE) -1
IF (YR2.EQ.~{) YR2=NSTUDY
IF (CONBCJT,ICABE) . GT.4.E~5) WRITECS,106) ETYPECTG, ISECT),
§ ETYPECTL, ISECT),CONS(T, ICASE) ,UNIT(T,ISECT) , YR, YRD
IPER=S,
TCNT =4
DO 40 I=4i,NSTUDY
IF (1.NE.YRGCHG(ICNT,J,ICASE)) GO TO %
CONS(J, ICASE)=C (I1CNT , J, ICASE)
YR wm ]
ICP=ICNT+1
YRA=YRCHG(ICP,J, ICABE) 1
IF (YR2.EQ.~-4) YR2=NETUDY
WRITE(6,106) ETYPE(JO,ISECT),ETYPE(JI4, ISECT),CONS(T, ICASE),
£ UNIT(J,IBECT),YRL,YR2
IENT=ICNT+4
% IF (I+IDELYR.GV.S8) IPER=2
IF (I+IDELYR.GT.40) IPER=3

ESC I8 ENERGY PRICE EACH YEAR EXCLUDING INFLATION

oo
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113

144
ii%
16
147
118
119
120
124
122
123
124
12%
126
a7
126
ia9
130
134
132
133
134
13%
136
137
138
139
140
1414
142
143
144
1.4%
146
147
148
149
150
154
%2
193
154
18%
156
197
158
159
160
64
162
163
164
16%
166
167
168
169
170

oo

oo

o0

cOooaco

G

ESC=ESCKCG(IREG,T, ISECT, IPER) /7400 . +4 )

TOTCHST I8 TOTAL COST OF EACH ENERGY TYPE FOR ENTIRE STUDY PERIOD

FUEL I8 ANNUAL FUEL COST DISCOUNTED TO BAGE %

i0

20

30

31

DIGCOUNTED TO PRESENT %

X=CONS (T, ICASE) XESCXFNP (DISC, 1)
FUEBL (Y, ICASE)=FUEL(T , ICABE ) +X
TOTCST(Y , ICASE)=TOTCET(J, ICABE) +X

l

5 I8 USED TO CALCULATE DIFFERENTIAL SAVINGS FOR HIMPLE PAYHACK

S(I,TCASE)=8 (L, ICASE)+CONS(J, ICASE Y XBASEP (1)
CONTINUE

TOTAL I8 TOTAL ENERGY COST FOR EACH SYSTEM (PRESBENT VALUE)

TOTAL (ICASE) =TOTAL (ICASE) +TOTCHET (T, TCASED
CONTINUE

KCNT=4{

ICNT=4{

CALCULATE PRESENT VALUE OF TOTAL NON-RECURRING 0AM COBTS,
REPLACEMENT COSTSH, AND SALVAGE COSTS

OTHCST I8 ANNUAL SUM OF OTHER COSTS

OTHCST (4, ICASE) =sINVCET (4, ICABE)
DO 34 T=1 ,NSTUDY
OTHCST L, TCASE) =0THCST (T, ICASE) +R (TCASEYXFNP (DISC, 1)
8(I,ICABE)=8(1, JICASE) +R(LCABE)
IF C(I.NE.YRRECCICGNT,ICASED)) GO TO 30
8CI,ICASE)=8CT, ITCABE) +NREC(IUNT , XCASE)
OTHCST (I, ICASE)=0THCSBT (L, ICASE) +NRIEC (TUNT , ICASE ) XFNP (DISC, 1)
NRECT(ICASE)=NRECT(ICASE) +NREC (IONT , ICASE)Y XFNP (DISC, 1)
ICNT=TIONT+4
IF (I.NE.YRREP (KCNT,ICASBE)) GO TO 31
SCL,ICASE)=mG (T, TCABE)+RPLST (KONT , TCASE ) ~RPBVG(KCNT , ICASE)
INVCST(2, TCASE) =INVCST (2, TCASE) +RPCET (KONT , ICASED XFNP(DISC, T)
INVCSTCS, ICABE) =INVCET (3, ICASE Y +RPSVG (KUNT , TCASE ) KFNP (DISC , 1)
OTHCET (L, ICASE ) =0THCST (L, ICASE) +RPCHT (KONT , TCASED XFNP (DISC , 1)
i ~RPSVGIKONT , ICASEYXFNP(DISC, 1)
KONT=KCNT+4
CONTINUE
INVCST (3, ICASE)Y =INVCET (3, ICABE)Y +FINBVG (TCABE ) XFNP (DISE , NETUDY)
SINSTUDY , ICASE) =8 (NSTUDY , ICASE) ~FINSVG(TCASE)
OTHCST (L, ICASE)Y=0THCST (L, TCABE) ~F INSVG(ICASE) XFNP (DISC, 1)

NOW R=PRESENT VALUE OF ANNUALLY RECURRING O0AM COSTS

ROTCASE) =R (ICASE) XUPW(DIBC, NETUDY)

LIFE CYCLE COST

LECCICASE) =TOTAL (TCASEY+INVCET (4, ICASE)+R(TCASE)
1 +NRECT(LCASE) +INVCET(2, ICASE) ~INVCET (3, ICABE)
ICASE=TCABE+]

IF CICASE . EQ.2. AND. IEXIST .EQ.4) GO TO 4

IF C(IEXIST . EQ.0) GO TO 44




174
172
173
174
179
i76
177
178
179
180
1814
iga
183
184
8%
186
187
iag

190
194
i
193
i94
19%
i96
197
198
i99
200
204
202
203
204
208
206
207
208
209
210
24114
242
243
2414
21%
2i6
2487
ai8
219
220
aai
a0

K la s

YR
421:3\

224

22%

226
227

228
229

[y R ¥

[ Bulw] O0o0

SAVINGS~-TO~INVESTMENT RATIO

SIR=(TOTAL (2)~TOTAL (1) +R(2)~R (L) +NRECT (2)~NRECT (1)) /
L CINVCSTOL, 4 -TNVCET (1, 2)+INVEST (2, 1) ~INVCST (2,20 +INVCET (3, 2)
A ~INVCST(3, 1))

NET SAVINGS
NE=L.CC(2)~LGCC (L)
PAYBACK PERIOD

CONST=INVCST(L, £)-INVCET(4,2)

DO 40 I=1,NS8TUDY

SAVE=SAVE+S(T,2)~8(1, 1)

IF (SAVE . GT CONST) GO TO 44
40 CONTINUE

41 IPB=I

WRITECH,108)

IX=TEXIS T+

DO S0 Isf,IX

WRITE(H,406) I

DO 49 J=1,5

T0=JKe~4

Ti=Jo+t

IF (TOTCST(F,¥) .GT.4.E~%) WRITE(H,409) ETYPE(JTO,ISECT),

1 ETYPE(JTL,IBECT),TOTEST(T, 1)
49  CONTINUE

WRITE(H,440) TOTALCI),RCI),NRECT (L), INVCST (2, 1), INVEST (3, 1), LOCCT)
50  CONTINUE

IF (IEXIST.EQ.0) $TOP

WRITE(H,114) LOCCE),LEC(2), NS, 8IR,IPR

WRITE(H,112)

DUM=0 .

CUM=INVEST (4, @) ~INVCST (4, 1)

WRITE(4,443) 10,DUM,INVCST(4,4),INVCET(L,4),DUN,

4 INVCST(4,2), INVEST (1,2), CUM

DO 60 I=1,NGTUDY

CUML=CUME+FUEL (1, 1) +0THCST (T, 1)

CUMRmCUME+FUEL (T, 2) +0THCST (T, 2)

CUM=CUM2~CUMA

WRITE(&,443) I,FUELCT,4),0THCSTCL,4), CUML,FUELCT,2),0THCST (1, 2)

i ,CUM2,CUM
60 CONTINUE
102 FORMAT(8X/REPLACEMENT OCCURS IN YEAR’,I3,’://42X,

i ’REPLACEMENT CO8T=‘,T60,F9.0/42X, ' SALVAGE VALUE=’,

2 T60,F9.0)
104 FORMATC//80C/%7),//T20, x%¥% SUMMARY OF ANNUAL FUEL CONSUMPTION

1 KRR,/ /)
£10% FORMAT(/SX, 'SYSTEM 7, T14)
106 FORMAT(8X,2A6,’ ~-‘,Fi0.0,A6, /YR (DURING YEAR’,I3,/=’,13,7))
108 FORMAT(//80C %’),//T2S, "Xk ANALYSIS RESULTS XkKX’//,T24,

i ‘(PRESENT VALUES IN BASE YEAR $)‘/)
109 FORMAT(BX’TOTAL ,246,’ CUSTS=’,T60,F9.0)
110 FORMAT(BX’/TOTAL, ALL ENERGY COSTS=‘,TS9,F40.0/

§ BX/TOTAL ANNUALLY RECURRING O & M COSTS=’,T59,F40.0/

2 8XTOTAL NON-RECURRING 0 & M. COSTS=’,T%9,F40.0/
3 8X/TOTAL REPLACEMENT COBT8=/,T%%,Fi0.0/
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230 4 8X/TOTAL SALVAGE VALUES=‘,T%9,Fi0.0/

234 5 @X/LIFE CYCLE COST=/,TS9,F40.0)

23 48 FORMATC//2X‘COMPARISON RESULTS: ‘/8X‘LIFE CYCLE COST, SYSTEM 4=’
PA3 i ,TS9,F40.0/8X, 'LIFE CYCLE COST, SYSTEM 2=¢,TE9,F10.0,/

234 P BX, NET SAVINGS=/,TS9,F10.0/

23% 1 BX’SAVINGS~T0~INVESTMENT RATIO=’ ,T63,F6.3/8X

2%K6 2 ‘PAYBACK DURING YEAR /,12,° ,BASED ON SIMPLE PAYBACK ANALYSIS’
237 3 //B0C KDY

238 142 FORMAT(//,7 47, TS, /kkkk CASH FLOW ANALYSIS dokkx’//

239 § T22,’ (PRESENT VALUE IN BASE YEAR %)/,///,Ti9,’SYSTEM 1’,

240 L T40, %’ ,TS3, GYSTEH 27,774, ‘K, T79, CBYSTEM 1/,/8X,/YR’,T9, FUEL’
244 5 T8 ‘NET 01HER , T34, CUMUL . ,T40,’m’,T4S,’FUEL’,TW4 ‘NET OTHER
242 3 Tob, ‘CUMIL. ", T75, %, T78, V6. GYSTEM2/,/T9, COST’,T20, COSTS’,
243 4 T29,TOTAL COST’,T40, ‘hYTAS, COBT TSb,’COSTG',TbA ' TOTAL COST/,
R4A S T7%, /%’ ,T77,  CUMUL. . SAVINGS’ /T2, 37¢ =137 K 7, 32C =7),7 % 7,
245 b 15¢7="))

246 143 FORMATC(IA,T6,F10.0,TL7,F9.0,T29,F9.0,T40, %/ ,T42,F9.0,T53,

247 L F9.0,T64,F9.0,T7%, %', T79,F9.0)

248 sTOP

249 END

DENXLEC (4)  BLK2
i COMPILER (DATA=IEM)
2 C ENERGY PRICES AND ESCALATION RATES AS PUELISHED IN
X C NBS HANDBOOK 13% (DEC. 1980)
4 BLOCK DATA
5 COMMON/BLKDAT/G(10,%,3,3) ,P(40,5,3)
A DATA GCA,1,4,8)/4%— 02, 04,3%~ 02,~.04,~. 02,
v
8
9
10

£ BKE.78,4.77,2%8 . 7%,4.76,1.75,1.76,1.77,1.78,

a 3.38,3.39,3.38,3.39,3.37,3#3138,3.39,3.37,3.37,

3 20K0 .

4 - 04, 02,2% 04,~.02,2% 04,-. 02,~. 06, 02,
i1 S 4.7 L. 76.4.75,0 73,2K8 . 74,4 73,475,201 76,
18 X 3 38.3.39.0k3 30,3 39,3 38,3.4,3%3.38,
1% X 7.%3,7.%2,7.52,7.53,7.55 7. 52,7 . 65,7 64,7.5,7.57, 4060 .,
1.4 X . 04,~. 03, 04,~. 02, 01,«.ua,w.om,w.01,~.01,~.us,
15 6 1.8,1.76,1.78,4.76,4.77,1.79,4.74,1.8,1.79,1.79,
16 7 3 B0, F. 43K 9,3.38,35.4,3. 37,263, 30,
17 g 7. 54,3m7 63,7 64,7.53,7. 54,7 .53, 7.51,7 65,
58 P G 629 GL,P 63,9 58,9 49,9 62,9.5,9.3,249 56,

9 DATA G(i L4 R/ 02, b, 07,4 vu,t 04,4 B3,~.59,-2.73,. 47,3.85,
3 BR,R. 745 45,0 38,2 84,4 53,3, 43,3.95,4_44,3 86,

o
-

24 BDIBLA.B,0 78,0 71,0.91,8 B3,8.94,0.02,0.97,3.97,

22 3 20%0.,

23 4 - 49, b4, 89,1.67,1.07,4. 62, 63,~2.96,.43,3.97,

24 S 3.68.3.2,3 6,2 82,3 45, i, % 05,4 22,1 bb, .G,

25 6 2910 88,0 89,2 08,8 99,8 93,3, 04,2, 91,3 09,3 ow,

26 Vs 3.66,2.68,2.52,2.71,“ 7.8 70,8.69,0. 67,084,

27 8 10%0.,

26 § ~.23,- . 98,1.49,2.2,1.47,2.03,~.78,-4.05, 55,7 .89,

29 1 3.81,4.46,8.89,8.82,6.98,5.88,11.74,4.95,3.26,6.2,

30 2 3.47,2.88, X2 85,2 99,2 94,3 02,2.9,2%3.09,

34 3 3.53,0.6,2 se,u 73,2%2.71,2.7,2.69,2.87,2.86,

3 4 1.47,4. 65 1.97,1.69,4.67,1. 45.1.76,0. ,4.36,2.39/

33 DATA GCi,4.4,3) /-3 55, 42, 36, 48,~ 43, - .@a,m 02,~2.47,-2.3%,
34 L1.1,1.92,4.68,1.56,1.01,. 97,“.33 103,82, 36, pb, -3 09
35 B 3.99,3.95,%.89,3 Bb,4.1,4.,4.13,4.06,4. 13, 213,

36 3 20%0.,

37 4 ~3 . 6,~ 44, 37, 48,~ i4,~.28,~ 03,~2.7,-2.24,1.43,

36 g

?.46,1.93,1.8,1.48,0.44,2.67,4.38,2.49, .29,-3.58,
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39 6 4. 08,4.09,4.07,4.06,4.2,4. 12,4.20,4.18,4.27,4.27,
40 7 A A7,4 44,4 .26,4.5,2%4.56,4.54,4.6,4.68,4.82,

41 8 10%0.,

A2 9 4. 4%, 68,5, 65, 19, .34,~.03,~3 . 94,-2.78,1.97,
43 L 4.72,4.6,-.95,3.44,3.92,2 . 89,9.6,2.84, 93,399,

44 2 4.08,4.1,4.02,4.02,4.2,4 43,4 22,4 06,2%4.27,

4% 3 4.43,4.35,4.28,4.52,4.58,4.57,4.53,4.64,4.68,4.74,
4b 4 3,478 ,4.12,.79,.98,.6,.77, .62, .94,-2.87/

47 DATA PCi,4,4)/.091,.086,.064,.049,. 0%9,3%. 064, 069, 025,

A 1 .00%,.00%,7%.004, 005,

49 D .997,1.008,1.035,1.044, 968, .999, .96, .976,.949, .949,
50 3 20%0.,

G 4 .089,.082,. 063,.05,.057, .06, . 064,.06,.073, 024,

53 S 3K.004,5%.003,2%.004,

53 b .963,.972,.978,.979, .94, .96%, 933, .943, .908,.908,

54 774D, . VGE, 79D, 74D, 744, 744, 748, .73, 708, 684,

55 8 10%0.,

Sh 9 .074,.0%4,.047, 037, 041, 048,.049, 04%, 058, 041,
5y £ .006,.006,.00%,2%.004,3%.003,.006,.00%,

56 2936, .969,. 998, .99, .94, .96, 932, .949,.908,.908,

59 3747, . 766, .78, 730, . 744, .742, 74%, 72%,.707, 704,
60 4 41 .175,36.675,34 . 9%,35. 775,29, 025,33 . 525, 2% 875,20, 25,
b4 G 42 G505 ,34.87%/

62 END
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Appendix C
LCOMP Inputs

THE INPUT DATA TO LCOMP IS VIA NAMELIST "$LCCIN" WHICH 1S READ ON I/O UNIT 5.
THE NAMELIST VARIABLES ARE AS FOLLOWS:

TITLE (1)

IYEAR
NSTUDY
IBASE

IEXIST

ISECT

IREG

(= ) QONO~n AN

DisC
CONS(J,K)

AR R oo
nwinmH
G RN —

I}
N —

]

i

oo

¢ 44 ¢

¥ 4448

i v I8V Y

CASE TITLE, UP TO 48 CHARACTERS IN LENGTH, ENTER AS: TITLE (1) =
"SOME TITLE."

CALENDAR YEAR WHEN STUDY BEGINS.
LENGTH OF STUDY PERIOD (YEARS).

BASEYEAR (CALENDAR) FOR ENERGY PRICE AND ESCALATION TABLES. IT
SHOULD BE NOTED THAT ALL COSTS AND SALVAGE VALUES ARE IN BASE-
YEAR DOLLARS.

0 IF ONLY A NEW BUILDING, OR ONLY ONE SYSTEM IS TO BE CONSIDERED.,
1 IF TWO SYSTEMS ARE BEING COMPARED.

1 IF THE ECONOMIC SECTOR 15 RESIDENTIAL
2 COMMERCIAL
3 INDUSTRIAL.

DOE REGION:

MAINE, NEW HAMPSHIRE, VERMONT, MASSACHUSETTS, CONNECTICUT,
RHODE ISLAND

NEW YORK, NEW JERSEY, PUERTO RICO, VIRGIN ISLANDS
PENNSYLVANIA, MARYLAND, WEST VIRGINIA, VIRGINIA, WASHINGTON,
D.C., DELAWARE

KENTUCKY, TENNESSEE, NORTH CAROLINA, MISSISSIPPI, ALABAMA,
GEORGIA, FLORIDA, CANAL ZONE

MINNESOTA, WISCONSIN, MICHIGAN, ILLINOIS, INDIANA, OHIO
TEXAS, NEW MEXICO, OKLAHOMA, ARKANSAS, LOUISIANA

KANSAS, MISSOURI, IOWA, NEBRASKA

MONTANA, NORTH DAKOTA, SOUTH DAKOTA, WYOMING, UTAH,
COLORADO

CALIFORNIA, NEVADA, ARIZONA, HAWAII, PACIFIC ISLANDS, SAMOA, GUAM
WASHINGTON, OREGON, IDAHO, ALASKA

DISCOUNT RATE, PERCENT (i.e., ENTER 7% AS 7.0).

BASEYEAR CONSUMPTION OF THE th ENERGY TYPE; WHERE J IS AN INTEGER
WHICH TAKES THE VALUES:

ELECTRICITY (kW)

NATURAL GAS (cu ft)

DISTILLATE (gal.)

RESIDUAL (gal.), COMMERCIAL AND INDUSTRIAL ONLY
COAL (ton), INDUSTRIAL ONLY

SYSTEM BEING ANALYZED:

NEW, RETROFIT, OR SOLAR ENERGY SYSTEM
EXISTING OR CONVENTIONAL SYSTEM.

SUBSEQUENT REFERENCES TO ARRAY INDEX (K) INDICATE SYSTEM TYPE.
YRCHG(1,J,K) =

J

K

l
C(l,J,K)

INVCST(1,K)

R(K)
NREC(I, K)
YRREC(1, K)

NINREC(K)

RPCST(I, K)
YRREP (I, K)
RPSVG(I, K)
NREP(K)

iy

STUDY YEAR (NOT CALENDAR YEAR) IN WHICH A CHANGE IN THE AMOUNT
OF ANNUAL ENERGY CONSUMPTION OCCURS:

ENERGY TYPE (AS ABOVE)
SYSTEM (AS ABOVE)
Ith CHANGE FOR A PARTICULAR SYSTEM AND ENERGY TYPE.

NEW ENERGY CONSUMPTION AMOUNT CORRESPONDING TO YRCHG (i,J,K).
IF AMOUNTS OF ANNUAL ENERGY CONSUMPTION DO NOT CHANGE, YRCHG
AND C MAY BE OMITTED FROM THE NAMELIST INPUT,

INITIAL INVESTMENT COST FOR SYSTEM K (IF EXISTING BUILDING, INPUT
CURRENT SALVAGE VALUE).

ANNUALLY RECURRING O&M COST FOR SYSTEM (K).
ith NON-RECURRING O8&M COST FOR SYSTEM (K).

YEAR WHEN NON-RECURRING O&8M COST OCCURS, CORRESPONDING TO
NREC (I, K).

THE NUMBER OF NON-RECURRING O&M COSTS FOR SYSTEM (K}.

Ith REPLACEMENT COST FOR SYSTEM (K},

YEAR WHEN REPLACEMENT OCCURS, CORRESPONDING TO RPCST (I,K).
SALVAGE VALUE OF EQUIPMENT BEING REPLACED,

THE NUMBER OF NON=-RECURRING O&M COSTS FOR SYSTEM (K).




FINSYG(K)

[0}

FINAL SALVAGE VALUE OF SYSTEM (K).

SYS1(l) = SYSTEM (1) TITLE, UP TO 24 CHARACTERS IN LENGTH, SHOULD BE NAMES
LIKE: NEW SYSTEM, RETROFIT SYSTEM, SOLAR ENERGY SYSTEM,
sYs2 () = SYSTEM (2) TITLE, UP TO 24 CHARACTERS IN LENGTH, SHOULD BE NAMES

LIKE: EXISTING SYSTEM, CONVENTIONAL SYSTEM,

THE OTHER INPUT TO LCOMP CONSISTS OF ENERGY BASEYEAR PRICES AND ESCALATION
RATES. THIS DATA IS CONTAINED IN A BLOCKDATA SUBPROGRAM AS SHOWN IN THE PROGRAM
LISTING IN APPENDIX A, THE BLOCKDATA IS NOT USUALLY CONSIDERED TO BE A CASE-
DEPENDENT INPUT AS IS THE NAMELIST. THE BLOCKDATA VARIABLES ARE;

G(,J,K,L) = ENERGY PRICE ESCALATION RATES
I > DOEREGION NUMBER AS DEFINED BY IREG
J = ENERGY TYPE AS DEFINED BY CONS
K =2 ECONOMIC SECTOR AS DEFINED BY ISECT
L > ESCALATION PERIOD:
L=1 = 1980-1984
L=2 = 1985-1989 FOR DATA IN APPENDIX B
L=3 = .1990 AND BEYOND
P(l,J,K) = BASELINE ENERGY PRICES (1980 IS BASELINE YEAR FOR THE DATA SHOWN [N

APPENDIX B.)

IT SHOULD BE NOTED THAT THE STRUCTURE OF THIS DATA CAN BE CHANGED BY THE USER,
PROVIDING A MEANS FOR THE USER TO DEFINE THEIR OWN ENERGY PRICES, ESCALATION
RATES, ESCALATION PERIODS, ETC.
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Appendix D
LCOMP Output for a Sample Problem

k¥xk LIFE CYCLE COST ANALYSIS XXxxX
NATIONAL ADMINISTRATION, AUTOMATIC CONTROL SYSTEM
30 3K KK K 0K K 8 K K 3 KK K 3K 300K o 3K 30K 0 50K 3K 3K 3K 0K 0 K 3K 3 3K K o a3 0K K 30K K 3K 0K 10K 30K K K KK 3 5K K K 3K 2K K K KKK XK 3 b ok b
Xk%x INPUT VALUES ¥XkX
% PROJECT DESCRIPTION X%

BASE YEAR= 1980

STUDY PERIOD= 30 YEARS

FINANCIAL SECTOR= 2 (COMMER.)

DOE REGION NO.= 3
DIBCOUNT RATE= 7.0 PERCENT

% NON-FUEL COSTS IN ERASE YEAR ¢ X

SYSTEM 4 (RETROFIT SYSTEM )
INITIAL INVESTMENT COST= 1500000
ANNUALLY RECURRING O&M COST= 145000 .
NON-ANNUALLY~RECURRING OAM COSTS IN YEAR 40 = 40000 .
NON~-ANNUALLY-RECURRING 0O&M COSTS IN YEAR 20 = 40000 .
SYSTEM 2 (EXISTING SYSTEM )
INITIAL INVESTMENT COST= 260000 .
ANNUALLY RECURRING O&M COST= 120000
NON-~ANNUALLY~-RECURRING O&M COSTS IN YEAR & = as000.
NON-ANNUALLY-RECURRING 0O&M COSTS IN YEAR 10 = 25000 .
NON-~ANNUALLY-RECURRING O&M COSTS IN YEAR 4S5 = 25000 .
NON-ANNUALLY~-RECURRING OAM COSTS IN YEAR iB = 60000 .
NON-ANNUALLY-RECURRING 0&M COSTS IN YEAR 20 = 25000 .
NON-ANNUALLY-RECURRING ' 0&M COSTS IN YEAR 25 = 25000.
REPLACEMENT OCCURS IN YEAR 40:
REPLACEMENT COST= 150000.
SALVAGE VALUE= 25000 .
REPLACEMENT OCCURS IN YEAR 20:
REPLACEMENT COST= 150000 .
SALVAGE VALUE= 25000 .

8 KK KKK K K KK K K 3 30 K KK 3 0K K 5K KK 0K 3 3K 3K 3K K o 3 3K KK 3K K K 3K K 3K 3K 0K KK K KK 30K 0K 3K KOK K 30K 3 %K

Fig. D-1. Input values
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2 3K K 3K K 30K K 3K KKK 5 3K 9K K MK K K KKK K K KK K K MK 3K 2K K 30K oK 3 3K 0K 30K 3K 3K KK 0K KK OK M K XOK 3K 3K HOK JOK JOK o 80K K

XXkk SUMMARY OF ANNUAL FUEL CONSUMPTION XXXX

SYSTEM 14
ELECTRICITY =~ 490000 . KWH /YR (DURING YEAR - 4)
ELECTRICITY - 2080000 . KWH /YR (DURING YEAR S5~ 9
ELECTRICITY - 8790000 . KWH /YR (DURING YEAR 10~ 30)
NATURAL GAS ~-386800000 . CU.FT./YR (DURING YEAR 1~ 4)
NATURAL GAS ~-36%000000.CU.FT./YR (DURING YEAR BS- 9)
NATURAL GAS ~-342400000.CU.FT./YR (DURING YEAR 10- 30)

H

SYSTEM 2
ELECTRICETY ~-— 9982200 .KWH /YR (DURING YEAR 41— 30
NATURAL GAS ~~433600000.CU.FT./YR (DURING YEAR i- 303
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Fig. D-2. Summary of annual fuel consumption
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2012324 .
1904690 .
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*KKKkK CASH FLOW ANALYSISE kKX

ESENT VALUE IN BASE YEAR 4)

SYSTEM 4 X
NET OTHER CuMuL. . X FUEL
cosTs TOTAL COST X casT
%
1500000 . 1500000. X 0.
1635544 . 3647839, % 2236979
126649 . 5679478, X% 21175%4.
118363 7600464 . %k 2004622,
110620 P417768. X% 1897823
103383. 11076533, % 1796818,
96620 . 12668787 . % 1728372.
0299 . 14197460. % 1662749
84391 . 1566%341. X% 1599823,
78870 . 17075084, X 1539472,
94045, 184223680, % 1481583,
68866 . 194677650, % 1402807,
64382 . 20865203, % 1328326.
60470 . 21988789, X 1257899.
56234 . 23091943, % 1191299,
52555 . 24058004, x 1128313
49447, 25010407, % 41068738.
45903 25944229, % 1042385,
42900 . 26764167 . X ?25907%.
400%4. 27571562, X 208638 .
A7808 . 28346243, X 860917,
35019 29069890, X 815760,
32728 . 29755059 . X 773026 .
30587 . 30403846, X% 732581 .
28586 . 31048230, X 694301 .
26746 31600079, X 658065
24968 . 32151457, X% 623762 .
a3335. 32673130, X 591266 .
21808 . 33167570, X 560537 .
20382. 336359263, X 531421 .
-30214. 34030454 . X 503849 .
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260000,
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Fig. D-3. Cash flow analysis
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KKKK ANALYSIS RESULTS XKkKX

(PRESENT VALUES IN RASE YEAR $)

SYSTEM 4
TOTAL ELECTRICITY CO8TS= 7095048
TOTAL NATURAL GAS COBTH= 23654717 .
TOTAL, AlLL ENERGY COSTS= 30749735,
TOTAL ANNUALLY RECURRING O & M CO8TS= 17993414 .
TOTAL NON-RECURRING O & M COSTE= 30674 .
TOTAL REPLACEMENT COSTH= 0.
TOTAL SALVAGE VALUES= 49263 .
LIFE CYCLE COST= 34030454 .

SYBTEM 2
TOTAL ELECTRICITY COBTS= : 7894460 .
TOTAL NATURAL GAS COBTE= 27774317 .
TOTAL, ALl ENERGY COSTS= 35668777
TOTAL ANNUALLY RECURRING O & M COSTS= 148908%.
TOTAL NON-RECURRING O & M COSTS= 68413,
TOTAL REPLACEMENT (COSTS= 115014%.
TOTAL SALVAGE VALUES= 28453 .
LIFE CYCLE CO&T= 37578836 .

COMPARISON RESULTS:

LIFE CYCLE COST, SYSTEM i= 34030454,
LIFE CYCLE COST, S8YSTEM 2= 37578836 .
NET SAVINGS= 3548382 .
SAVINGS-TO~INVESTMENT RATIO= 4. 2314

PAYRACK DURING YEAR 6 ,BASED ON SIMPLE PAYRACK ANALYSIS

30K K 2K 2 K K KK K oK K 3K HOK K 3K 3K K 0K 3K 3K 30K 0K K 3K 3K0K K 30K K 3K K 3 3 KKK 3K 3K 30K 0K 30OKOK 0K 30K K 50K XK K XK K0k KK

Fig. D-4. Analysis results
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